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,QWURGXFWLRQ
6SDFHFUDIWZLWKKLJKO\FRPSOH[)DXOW3URWHFWLRQ)3V\VWHPVHPSKDVL]HWKHQHHGWRH[SORUHLPSURYHGPHWKRGV
RI GHYHORSLQJ WHVWLQJ DQG YDOLGDWLQJ )3 V\VWHPV RI WKH IXWXUH 7R LQYHVWLJDWH PRGHOEDVHG )3 HQJLQHHULQJ D
EHKDYLRUDOPRGHORID)3V\VWHPZDVGHYHORSHGLQDQHQYLURQPHQWWKDWFDQEHH[HFXWHGDQGPRGHOFKHFNHG7KH



















WHUPXVHG WR GHVFULEH WKH HOHPHQWV RI IDXOWPDQDJHPHQW WKDW DUH SDUW RI WKH IOLJKW V\VWHPGHVLJQ )3 FRQVLVWV RI









FDQ IDLO FRQWLQJHQF\ SDWKV WKDQ ZD\V LW FDQ VXFFHHG QRPLQDO SDWKV $V 1$6$ FRQWLQXHV WR GHYHORS PRUH
FRPSOH[ DQG FDSDEOH VSDFHFUDIW WKH EHKDYLRU VWDWH VSDFHZLOO LQFUHDVH VWUHVVLQJ WKH DELOLW\ RI WHDPV WR SURSHUO\
XQGHUVWDQGWKHEHKDYLRU
,Q WKHZRUNGHVFULEHGKHUHLQD VXEVHWRI WKH6RLO0RLVWXUH$FWLYH3DVVLYH 60$3)3GHVLJQFRQVLVWLQJRI
HUURUPRQLWRUVORFDODQGV\VWHPIDXOWUHVSRQVHVDQGORJLFIRUDFWLYDWLRQRIV\VWHPUHVSRQVHVLVUHSUHVHQWHGDVDVHW
RIFROODERUDWLQJ6WDWHFKDUWV$UHSUHVHQWDWLYHGHVFULSWLRQRIWKHVHHOHPHQWVLVVKRZQLQ)LJ7KHVHDEVWUDFWLRQV










&DPHR6LPXODWLRQ7RRONLW &67 DXWRFRGHUV DQGPRGHO FKHFNHUV OLNH -DYD3DWK)LQGHU -3) DQG63,1 WKDW
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0RGHO&KHFNLQJ
+LJKO\ FRPSOH[ V\VWHPV VXFK DV WKH 60$3 )3 V\VWHP DUH GLIILFXOW WR GHYHORS WHVW DQG YDOLGDWH XVLQJ
WUDGLWLRQDOPHWKRGV±)3GHVLJQKDVEHHQSURQH WRKXPDQHUURU DQG VXEMHFW WR OLPLWHGPXOWLIDXOWPXOWLUHVSRQVH
WHVWLQJ7UDGLWLRQDOO\ UHVSRQVHV DUHGHVLJQHG LQGLYLGXDOO\EHFDXVH LW LV QRW IHDVLEOH IRUKXPDQV WR LQFRUSRUDWH DOO




$V VKRZQ EHORZ WKH PRGHO FKHFNHU UXQV D WUDQVODWHG VRIWZDUH UHSUHVHQWDWLRQ RI WKH 6\V0/ PRGHO ZLWK
FRUUHFWQHVV SURSHUWLHV ORJLFDO DVVHUWLRQV LQ RUGHU WR ILQG LQVWDQFHV RI V\VWHP EHKDYLRU WKDW QHJDWH WKH ORJLFDO





5.1. Modeling for Model Checkers 
7KH VL]HRI WKHPRGHO FKHFNLQJ VWDWH VSDFH LV DYDOXDEOH LQGLFDWRU IRU WKHFRPSOH[LW\RI WKHPRGHO$VPRGHO
FKHFNLQJLVFRPSXWDWLRQDQGPHPRU\LQWHQVLYHLQLWLDOPRGHOFKHFNLQJUXQVZHUHIRXQGWRWDNHGD\VWRH[KDXVWLYHO\
FKHFN D VPDOO VXEVHW RI WKH 60$3 )3 V\VWHP LQ -3) ,W EHFDPH DSSDUHQW WKDWPRGHOLQJ SDWWHUQV VKRXOG DLP DW
GHFUHDVLQJWKHVWDWHVSDFHZKLFKUHVXOWHGLQWKH6WDWHFKDUWSDWWHUQSUHYLRXVO\GHVFULEHG
7KH6WDWHFKDUW LQ)LJ SURYLGHV D VWUDLJKWIRUZDUG H[DPSOHRI DPRGHO FKHFNLQJ DSSOLFDWLRQ7KH FRUUHFWQHVV
SURSHUW\ LQVHUWHG LV WR HQVXUH WKDW VWDWH % DQG VWDWH ' DUH QHYHU DFWLYH DW WKH VDPH WLPH DVVHUWLQ6WDWH% 		
LQ6WDWH'







7KH DGMXVWPHQWV PDGH WR WKH 60$3PRGHO LQ RUGHU WR UHGXFH WKH VWDWH VSDFH LQFOXGH  8VH RI FRPSRVLWH
6WDWHFKDUWVZLWKRUWKRJRQDOUHJLRQVWRGHILQHHDFKEHKDYLRU,WZDVYHULILHGWKDWWKHVWDWHVSDFHRID6WDWHFKDUWZLWK
RUWKRJRQDO UHJLRQV LV HTXLYDOHQW WR D IODW 6WDWHFKDUW VLQFH 6WDWHFKDUWV DUH RQO\ D QRWDWLRQDO HQKDQFHPHQW RI WKH
6WDWHFKDUWV+RZHYHUWKH6WDWHFKDUWUHSUHVHQWDWLRQLVPRUHFRPSDFWDQGWKHPRGHOLVPRUHUHDGDEOH*XDUGVZHUH
SODFHGRQ WUDQVLWLRQVZKHUHYHUSRVVLEOH$GGLQJJXDUGV WR WUDQVLWLRQV UHGXFHV WKHFRPSOH[LW\RI WKH V\VWHP WREH
FKHFNHGOLPLWLQJWKHQXPEHURISDWKVPDNLQJLWTXLFNHUWRFKHFN7KHUHVSRQVHTXHXHVL]HZDVOLPLWHGWRDILQLWH
QXPEHUWRDYRLGVWDWHVSDFHH[SORVLRQ
7KH LQLWLDO DWWHPSW DW DUFKLWHFWLQJ WKH )3PRGHO GLG QRW FRQVLGHU WKH OLPLWDWLRQV RI WKH WRRO FKDLQ 7KH LQLWLDO
PRGHO XVHG FRPSOH[ HOHPHQWV DQGGLDJUDP W\SHV QHVWHG ORJLF KLGGHQ ,I VWDWHPHQWV FRPSOH[6WDWHFKDUWPRGHO
HOHPHQWVHJGHFLVLRQQRGHVDQGJOREDOYDULDEOHV6LPXODWLRQDUWLIDFWVEHJDQRYHUWDNLQJWKHPRGHOEHFDXVHRIWKH
FRPSOH[ HOHPHQWV DQG QHVWHG ORJLF 7KXV WKH PRGHO DUFKLWHFWXUH ZDV UHIDFWRUHG WR XVH H[SOLFLW ORJLF DQG EDVLF
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5.2. System’s Properties 
7KHIROORZLQJDVVHUWLRQVDUHH[DPSOHVRISURSHUWLHVWRFKHFNWKDWZHUHLQSXWLQWRWKHWUDQVIRUPHGPRGHOSULRUWR
UXQQLQJ-3)7KHJRDORIPRGHOFKHFNLQJLV WRHQVXUHWKDWQRQHRI WKHVHORJLFDOVWDWHPHQWVDUHYLRODWHGLQ WKH)3











5.3. Model Checking Results 
)LJVKRZV WKHSHUIRUPDQFHRI-3)IRUGLIIHUHQWVHDUFKGHSWKVGXULQJGHSWKOLPLWHGLHDVXEVHWRI WKHVWDWH
VSDFHLVH[SORUHGPRGHOFKHFNLQJ&RPSDULQJDGHSWKRIWRDGHSWKRIFRQILGHQFHLQ WKHYDOLGDWLRQRI WKH
V\VWHP LQFUHDVHV  VWDWH FRYHUDJH WR  VWDWH FRYHUDJH 7KH SHUIRUPDQFH RI WKH PRGHO FKHFNHU JUHDWO\







































































































JPF New States 
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